Most suggestions for utilization of the atmosphere of Mars involve gas separation and energy-intensive chemical processing into rocket fuel and oxidizer. However, it is worthwhile to consider uses of the Martian atmosphere which require no chemical processing.
One possible way to reduce the propellant mass brought from Earth would be to inject locally available "inert" gas into the propellant combustion flow of the return engines.
(Here we use the word "inert" to designate a gas which adds mass to the exhaust but does not participate in chemical reactions with the propellant.) While this does not decrease fuel mass by as great a factor as chemical production of fuel or oxidizer, it has the advantage of being extremely simple: the process requires only compressing and liquefying the atmosphere. 
Isp(P)with inert injection = Isp(no into) .
(2) mto,,l Here Isp(nO inert) is the specific impulse of the fuel/oxidizer system without inert injection, rhtota 1is the total mass flow of propellant, and rhF+ O is the mass flow of the energy-producing components of the propellant (fuel and oxidizer without the inert).
Alternately, we define the fuel+oxiclizer specific impulse lsp(FO) as the thrust per ut, it fuel mass flow, not including the additional inert mass. This is related to the propellant specific impulse by:
The fuel+oxidizer specific impulse increases as the inert flow increase. For a Mars-return vehicle where the fuel and oxidizer must be shipped from Earth, but inert gasses are locally available, the increase in fuel+oxidizer specific impulse may be more important than the decrease in propellant specific impulse.
For the case where the fuel and oxidizer are brought from Earth, it is desired to minimize the amount of fuel and oxidizer required per ton of payload delivered, or equivalently, to maximize the payload per unit amount of fuel and oxidizer. This is equivalent to optimizing the performance of a rocket where the energy source is fixed, but the specific impulse may be varied to maximize the payload. This can be calculated in closed form for the simple case where fixed mass such as tanks and engines are ignored 7,8.-If the (propellant) specific impulse is constant during thrust, the optimum is found when the specific impulse is proportional to the required mission delta-V:
Specific impulse (Isp) is the thrust per unit of mass flow. When inert reaction mass is added into the propellant, it is possible to define specific impulse two different ways. We will define the uropellant specific impulse Isp(P) as the thrust per unit pro_oellant mass flow, where the propellant includes both the energy producing components (fuel and oxidizer) plus the additional inert mass. The propellant specific impulse thus decreases as the square root of the glsp = 0.625 AV
(4)
For low mission AV, the increase in thrust outweighs the loss of propellant specific impulse, and adding inert reaction mass is effective. For high mission AV, the additional launch mass required by the lower specific impulse means that adding inert mass is not effective.
It is also worth noting that if the specific impulse is allowed to vary during the flight (for example, if the inert mass flow is allowed to vary), the optimum occurs when the exhaust velocity [glsp(t)] is exactly equal to the mission velocity. This case was not examined in this study.
The present study addressed two questions:
(1) How does the addition of inert mass to the combustion chamber affect the thrust and specific impulse of rocket engines when real-world loses due to thermodynamics and chemical reaction are included in the analysis?
(2) Can the addition of inert reaction mass derived from the Martian atmosphere reduce the mission mass of a Mars return mission?
In addition to the possibility of increasing the amount of impulse produced by a fixed amount of fuel, it is also of interest to study inert injection for entirely Mars-derived fuel.
There are two reasons for this. First, an actual operating plant to produce fuels from the Using CEC, each propellant was examined by investigating the addition of one inert at a time and then by varying the inert loading level to 0, 25, 50, 75, 90, and 95 percent of the total propellant mass flow-rate. The CEC code arbitrarily sets the total propellant mass flow-rate to be 1.0 kg/sec. The relative amounts of fuel and oxidizer is a variable. This is set as the mixture ratio (O/F) or the mass flow rate of oxidizer to the mass flow rate of fuel. The inert gas was, for convenience, assumed to be added in the same mass proportion to both the oxidizer and the fuel; this allows the combustion to have the same reaction stoichiometry independent of the inert injection. Practical engine design considerations will determine whether the inert is best added with the oxidizer, the fuel, or separately to the combustion chamber.
As an example calculation, consider the case of adding 25% inert to the baseline propellant H2-O 2 with OfF equaling 6.0. For the specified propellant mass flow-rate of 1 kg/sec, with no inertthe0 2 flow-rate is 0.857kg/sec,and the H 2 flow-rate 0.143 kg/sec. To add 25% inert requires 0.2143 kg/sec of inert in the oxidizer and 0.0357 kg/sec of inert in the hydrogen flow.
The flowrates of the original propellant components must then be reduced by 25%. Table II is a breakdown of the propellant flow-rate composition with the addition of 25% inert gas.
It can be seen from Table II For the purpose of this study, it was assumed that the engine would be very similar to that of the Advanced Space Engine designed by Rocketdyne. Mass and thrust levels were modified slightly.
The assumed mass per engine was 181 kg. The assumed thrust per engine was fixed at 89 kN. In order to compare scenarios on the same basis, the thrust was assumed to be independent of the inert injection rate. 
